Biased agonism at the parathyroid hormone receptor: a demonstration of functional selectivity in bone metabolism.
'Biased agonism' refers to the ability of a ligand to selectively recruit different intracellular signaling proteins to elicit distinct phenotypic effects in cells. While conventional G protein-coupled receptor (GPCR) agonism and antagonism can be regarded as modulating the quantity of efficacy, functionally selective or 'biased' ligands qualitatively change the trafficking of information flowing across the plasma membrane. The concept of ligand directed signaling fundamentally raises the potential of pharmacologic agents with novel therapeutic profiles possessing improved therapeutic efficacy or reduced side effects. Currently, there is little experimental evidence that biased ligands offer advantages over conventional agonists/antagonists in vivo. Recent work examining biased agonism at the type I parathyroid hormone receptor (PTH1R) demonstrates that selective activation of G protein-independent arrestin-mediated signaling pathways elicits a physiologic response in bone distinct from that induced by the conventional PTH1R agonist PTH(1-34). While intermittent (daily) administration of PTH(1-34) (teriparitide) is effective in increasing bone formation, PTH(1-34) administration is also associated with increases in bone resorption and a propensity to promote hypercalcemia/hypercalcuria. In contrast, D-Trp12,Tyr34-bPTH(7-34) (PTH-βarr), an arrestin pathway-selective agonist for the PTH1R, induces anabolic bone formation independent of classic G protein-coupled signaling mechanisms. Unlike PTH(1-34), PTH-βarr appears to 'uncouple' the anabolic effects of PTH1R activation from its catabolic and calcitropic effects. Such findings offer evidence that arrestin pathway-selective GPCR agonists can elicit potentially beneficial effects in vivo that cannot be achieved using conventional agonist or antagonist ligands.